1. MEMORY SYSTEM This invention is concerned with inprovenents in or ' 3 (}
relating t.o menory. systens., In recent years, conputer systems have '
exhi bited major advances in speed and in mniaturization at S|gﬁLKDC\§jQ§ﬁZ?S
reduction in cest. Concurrent with these advances. have been maj or efforts

to devel op information storage and re- trieval systems which are also | ow

cost and still conpatible with the high speeds with which these new systens
operate. Much of this effort has been directed toward the devel opnent 10 of
odecaI di sc nenory devices because of their rapid wite tine (> Mbit per
second), rapid access tine (<0.1 sec.), high density (>1.5 x 107 bits per

sq. cm, and |ow cost ([err] cents per bit). (See Kenny, et al., |EEE
Spectrum  pages 33-38, February .1979.) To date, numerous 15 types of
materi al s have been devel oped for optical discs; however, nost of these

have the disadvantage of storing information permanently; i.e., they cannot

be erased -2- or edited. (See R A Bartolini, et al., |IEEE Spectrum
pages 20-28, August 1978). Materials which are exceptions to this general
rul e appear to fall into the follow ng classifications: certain 5

t hgr nopl-asti cs, photochrom cs, chal cogeni des, nmagnetoopti cal

-

1.
MEMORY SYSTEM |

This - inventlon is concerned with 1mprovements in

or relating tO-memory systems. |
| In recent years, ccmputer sYsteﬁs have exhibited
majorladvences in.sfeed and in miniaturisatidn at sighifi-

5 eant reduction_ih-cestf Concutrentdwith these advances have .
been-major efforts te develop'ihformatioﬂ sterage and re-
trieval systems whlch are also low cost and still compatlble'

_wzth the hlgh speeds w1th which these new systems operate. |
Much of this effort has been directed toward the development
10 of optical disc memory.devices because of their rapid write

time (>1M bit per second), rapid access time (<0.1 sec.),

)

high density (>1.5 x'107.bits per sg. cm), and low cost
. (mlo -4 cents per bit). (See Kenny, et al., IEEE
SPectrum, pages 33-38, February 1979. ) To date,dnﬁmetbus
15 types of materlals have been developed for optical discs:;
however, most of these have the disadvantage of storing

information permanently; i.e., they cannot be erased



iterials and el ectrooptic materials. How ever, each of these has
gni fi cant di sadvant ages. For exanpl e, thernDpIastlcs such as
poIryvi nyl car bozol e/ pol ystyrene 10 require a pre-exposure corona charge.
In addition, they use surface relijef_ ?tqrage whi ch has a relatively | ow
contrast ratio, a long erase tinme, difficulties in |local erase, and a short

lifeting (deiredd 00 Ct@ééSk A. PBQS—:Q%'J.&&'I‘ cstSLgah. ASTEEY, rSpWESPEnL ypi cal ly |
require blue or ultra-violet 15 |ght or wite and/or erase and hencev

are NOotp Ay eﬁ¢i§g&vmﬁ&hgfeggmg)sen1conductor | asers. Furt hernore, nost -
photochronlcs are subject to fatigue, which severely limts cycle lifetine,

and the storgth¢b¥falendisith hpdeekiepttiond RN K ifsne£HRl £QPeNi des such
as TeAsGe typically 20 exhibit a [owcycle lifetinme ([err]10 cycles)
and hawppearel#d i F£1Y inwoceher following clasyifhicdici oresli a. cerd@gnet o-
optical materials such as the rare earth iron garnets usually require an
éxt er ndhempEtast ¢} dohotdeheomiks ,wichia lidoeyerdrdyess; magmetooptical
effects (garnetsl require mecro- 25 - patternining to get high density

st or ag@madhet imle, phvtofercaelectris. mamesam@sm1phnﬁnconductlve/

Phot of erroel ectrics can be fabricated as ceramc materials but the ceran1cs
are sulsjleatnecyticaylorareoiaisnandt elecsresntispmatenials al s Baeh as Bi -

[err] have limited data storage times, on the order of several .
ever, each of these has s1gnif1cant disadvantages. For

E;tepﬁals, photof erroel ectric materials, photoconductive/ el ectroopti cal

example, thermoplastics such as polyv1nylcarbozole/polystyrene:
10 require a pre—exposure corona charge. In addition, they
use surface relief storage ‘which has a relatively low
contrast ratioc, a long:erase time, dlfficultles in local -
erase, and a short lifetime tmioo.cycles). ' Photochromics : .
such as spiropyrane typically require blue .or ultra-violet |
15 light fior write and/or erase arnd hence are_not_campatible
with present semiccnductor lasers. Furthermcre,'most
PhotOChromics'are subject to'fatigue, which severely limits
cycle lifetime and the stored data tends to fade in just
a few minutes. Chalccgenldes such as TeAsGe typically
20 exhibit a low cycle lifetime (%10 cycles).and_have a .

relatively low contrast ratio for erasable media. Magneto-

o

optical materials such'as the rare earth iron garnets usually
require an external magnetic fleld. ateriais with the
largest magnetcoptical effects (garnetsl require micro-

25 patternining to get high density storage and have high optical



4
s

5 — hburs, and also require large single crystals. El ectro- optic u?
materi al s"'such as LiNoQJerr] also require single crystals and stored [
|nfornat|on is erased during readout unless the image is thermally fixed,
whence” anot her ‘thernal treatnent is required for erasure. 10
The use of liquid crystal materials, particdlarly smectic liquid crystals
|s mell known in the prior art for certain display devices, and stationary

ry syst dmsdridomhekosgevel Bpetiofprthedestutiicos man g cﬁablrﬁ-@%h&ﬂl 28

‘age. (See U.S. Patent No. 3,796,999 entitled Locally Erasabl e 15
Ther mo- Opt i ceraRis cmi’t%Pai@IlQ?r b@t athet sexguipss @rey subierbdeyfakique .,
SID 77 Digest, 108 (19771.) However, the prior art does not |nd[cate the
developnent3ﬁ°§980¢¢%9FHV€/9é@ﬁtrQQPFéésmﬂﬁ@§$§%§1349hx§§wﬁ%pﬁ%¥ barge
acceleratlons to provide ra i d access tq data. Gn a conputer disc 2
appl i cati onbave |§H|“Hb%¢y§? P EBOFAIEX FéMeSnc Ol QEHSHMT SRERERAg
sec2 de end| on_the disg¢ S|§e and t.he deS|rexi$hta.ratfg The
ObVI Eé fl ofq 1chr 3P RrECTLLTe; F€&eWPHFQ¥Qnﬁ§¥§q renerteStEgast s
that liquid cr tals coul d not e us ical_disc-ty
yat e, et 5 e et chle By aPotiipos Aisoaadittns $HhoTe evatats,e
t he deS|red | Inde velocities
exceedi ng 10 Fé##%a@n%grﬁgéﬁgﬁbﬁg PEAS ?%é%ﬁ%ﬁg %%%ﬁ%€'£§1é§g the
i image is thermally fixed whence another thermal treatment
is required for erasure. _ _
" 10 . | . The use of liqud crystal materlals, particularly’
smectic liquld crystals is well known in the prior art for
 certain display devices,_and stationary memory systems have
:,' been developed'whiéh use this.media for information storage.
(See U.S. Patent No. 3,796,999 entitled Locally Erasable
15 Thermo-Optic Smectic Ligudd Crystal Storage Displays; and
Dewey, et al., SID 77 Digest, 108 (1977).) However, the
-( prior art does not indicate the development of any liquid
crystal devices which Can_function'under large'accelerations_;
to provide rapid access to data,(in a computer disc
20 application, a liquid crystal could experience accelerations

2 depenaing on the disc size and the

‘exceeding 30,000m/sec
‘desired data rate). = The obvious flow-related problems
associatedlwith 1iquids-in éeneral suggests_rhar liquid
crystals could not be used in optical disc~type memory

25 systems, where large rotational velocities-are'necéssary to



0 create radiation scattering defects in the liquid crystal nedium
h'an approach, in light of the specific physical characteristics of
féfects in these crystals would seemto indicate that in a rotating system
smecti ¢ liquid crystals would have sevgre problenms with information
stability. For exanple, it.is expected that the.cores of defects in

. sMect i Gdiigiel tHe/ Yd Sr&d r @t shbiitapptpaeh Hdte d Sot repideghase and hence.
have a neasurably | ower density than the Snectic phase ([err].1% see S.

Torza artdtidnallvslisci¥ies &ER¥eclthycld, 000CEpm mAPHd Hegirdbiyoul d
therefore be reasonable to expect significant defect notion or even s
destr uglorosont dgislitedeongi nformation) pattern in the liquid crystal as a
result of centrifugal forces devel oped at high angul ar velocities. lt
woul d al so be reashnstherhorexpené &approacht itan informEatichirstorade startup
and sl owdown phases, further destroying any inform ation-containing.
def ect iy smetichibyuid uckestahst s sbr create ofaddefteicirs scattering
honmeotropically aligned smectic |ayers have shown that the -

i nf or mdefectearityithe deigeid crpstadameddmimes wiSush fagy ARt 9acmal iarrays
spanning the liquid.crystal cell (see 5 C-S. Rosenblatt, R Pindak, N.
A dafdldghiy of (ﬁEeQiiﬁ9sPhﬁ§195@9Fha¥§G$@FQBH%°Ssﬂﬁﬂd%#$%®§ &ul d be
_ eXpeCt%%ese crystals would seem to lndicate that in a rotating system, i

' t__herrmre, one approach to inf or mati on storage in snectic liquid crystal S_
(/

®

smectic liquid crystals would have severe problems with

information stabllity. For example, it is expected;that'

the cores of defects in smectic liquid crystéls.Strﬁcturally e

_é,pproéch- the isotropic phase and hence have a ‘measurably

loWer'denSity-than the smectic phase’(&o 1%, see S. Torza '_'5.

and P. E. Cladis Phys. Rev. Letters, 32(25), 1406(1974)-.

It would therefore be reasonable to expect SLgnlflcant defect

motion or even destruction of the defect (information) |

pattern in the liquid crystal as a resuit of céntrifugal

forces developed at high angular velocities. It would also_

be reasoédnable to'éxpect.fluid'motion to occur during.the

startup and sloﬁddwn'phases, further destroying any inform- o

ation-containihg:defect systems. |
Other Studies on the_étructure of defects in

homeotropically aligned smectic layers have shown that the

information-carrying defects are focal conics.which form

polygonal arrays spanning the liquid crystél cell (see



to be quite susceptible to any fluid notion. Furthernore, other literature
has shown cell dilatations of the order of 5 100 Angstrons are sufficient
to cause spontaneous formation of polygonal focal conic defect arrays.

(See N"A. Cark, Phys. Rev., Al4, 1551 (197).) ~ Wth such extrene
sensitivity to ditatations, the formation of “such pol ygonal focal conic
arrays could be expected to develop at high 10 angular velocities, thereby
destroying any information pattern contained in the liquid crystal nedium

Fov=al | of t hege égaiggénPlﬁ&Egsﬁﬁeﬂﬂ#dg'l“ﬁL ﬂ#M§i§4kpaﬁ?rﬁ?|ﬁe§§ﬁg J .

rotating data Sforage syste not” "heret’of or e beén suggested i n

i . . o2 ! .
devi ggﬁggggae% (@%ealﬁkyﬂ) leSeith | Q¥ PAPRLEQR1 S BE AgRpakied

retrieval rising a li crystal disc nenory conpri sing

confinement meggspboguieef siistépt iN1eith WptRlui@didrionai d pepthaciiBie,
means being configured for rotation about an axis, a liquid crystal 20

medi um conf i negth¥rsaii¢ ez@tiuirec MY SHRWIS cEHl Wilsationysenl thedovder of
havi-ng | ocal i zed spots therei.n which act as radiation scattering centers,

sai d spots bei DgOCAfaedons laeralsutFiidientoftcatause ospontagedas fodmatiand
representing a desired pattern of information; reading neans for detect- 25
i ng radiati on efapbdygonalofocal Gohiad dgftdct arrhyst at | (SeeednsAtollark,
rotating said confinenment neans and said liquid crystal therein relative to
sa#d readi ng nehys. Revprowlde 1551 (1976).) With such extreme | '
sensitivity to dilatations, the formation of such polygonal
focal conic arrays could be_expected'to.develop at high
10 -angular'veiocities; thereby destroying any information
pattern contained in the liquid crystal medium. .

For all of these reasons, the use of liquid-

heretofore been-suggesfed in the art.
15 :  _ The pteéent:invention_provideS'an information
storage and retrieval deviCe.comprising a 1iquid crystal
disc memory comprising coﬁfinement means for confining a'
liquiad crystél medium, said confinement means being
configured for rdtatioh about an axis; a liquid crystal
20 medium confined by saia confinement means, said liquid
» : crystal medium.having localized spots therein which act as
radiation scattering centers, said spots being created by
iocal heating of said liquid crystal medium and representing
a”desifed pattern of information;_readihg means for detect-~
25 ihg radiation scattefed ffom_individual spots; and rotéting
means for rotating éaid_gonfinemént means and said liguid

crystal therein relative to said reading means, to provide

@

crystal materials in a rotating data storage system has not



6.*hi gh speed access to said information by said reading means. In a device

is set forth in the last preceding paragraph, it is preferred that said
K:Pliquid crystal medium conprises a snectic liquid-crystal. 5 A
2 feVice as set forth in either one of the last tw i mediately preceding-
< par agr aphs, may further conprise at |lea$t two el ectrodes on said liquid
{ crystal disc nenory for applying an electric field to said liquid crystal-
medi um alignnment nmeans for aligning.said liquid crystal 10 ‘medium and -~
absorber peaps in thermal conmunicatjon with said liquid crystal nmedium fos"
absor bi ngh29BoPPREA ScSeRt 49 cﬁF‘i‘ﬁd m3tien; .B_Yaﬁgbf’béfeaﬂéaﬁs BedPeor
suppl ying energy fr radi ation to.s tal. medi,um A

. _ qﬁ1sai . id Lliqguid cr
devi ce as ss}lforthlqwﬁ f W%ﬁﬁfﬂﬁxﬁﬁﬁh#@f_ ra? ggegﬁﬁé _Pﬁch.ﬁPﬁbé
P AT S, T e O

t oat - - t t :
i st o but PORPEASSECH ARBCRY TR GhyCORL IO he hean to said i quid

crystap medium and o QUviRle! AP YUDHoLERn | Q1 EALE 6AB! bRCHRA! 14BANS. A
device as set forth in any one of the last three Imediately precedi ng
par agr aphgygey mnadiiadle X éé%ﬁfﬁﬁ“pé%%éf&bhﬂ?aﬁéyfQﬁ;iﬁ@&r%bthﬂs%he '
rel ative distribution of 25 energy transterred from said absorber neans to
sai d conf pgejcleh! tiRARI YA G shBPSPigeidNBapsthd 8ike meddry ..
crystal medium ' _

for applying an electric field to said liquid crystal

»

medium, alignment means'for'aligning said liquid”crysgal
10 medium, aﬁd-absorber means'iﬁ thermaitcommunicafiqn-With
said liquid crystal medium for'absorbing a portion of"
.radiation incident on said abéorber meéns=and for supplying
energy from said radiatién to said liquid crystal'medium;'
A device as set forfh in”the_laSt preceding para-
15 graph may further comprise reflectof'means for refleéting a
portion of radiation incident thereon{- |
A device as set forth in the last preceding para-
graph may'further comprise heat contidl'means'for control-
ling the relative distribution of energy conducted from said
20 'absorber-ﬁeans to said liquiad crystalnmedidm énd from said
absorber means to said confinement means. .
A device as set forth in an& one of the last three
immediately préceding'paragraphs may‘furthér comprise heat
‘control means for controlling the relative distribution of
25 energy transferred from said absorber means to said confine-
ment means and from said ébsorper means to said liquid

crystal medium.



7 In a deyice a set forth in any one of the last four imrediately precedi ng/y ¢
paragraphs, it is preferred that said confinenment means further conprises S
two substrates between which said liquid crystal nmediumis sandw ched. 5 '
In a d@%ice as‘set forth in the last precedipg paragraph, it is preferred

that- said el ectrodes aré | ocated oppesite eaéh other with said l'iquid

crystal nediumthere- between; and said alignnent neans and absorber neans

are conprised of at |east one filmlocated between said sub- 10 strates. In

a Yevice as set forth in,either one of the dast two imrediately, preceding
par agraphs, it is prefer;gdatﬁﬁygggia ﬁgﬁ'éﬁﬁghwﬁnlﬂﬁﬂu?n?xﬁér$@%sfa?£
| east one filn a : Ld ls.qui d | o 1ot
east one, 111 TkbQE 2Rl BEhVET BRedify Baabyindr Yt d e Sbet £0A shRE
three J”“Ed!até&idpfsﬁfﬂheﬂeﬂgfﬁ%%ﬁ&h%ud s dY fﬁéé?’EJEﬂs&fﬁgréﬁ%éeCtor_
neans conprises at [east one filmlocated between said liquid crysta
medi um and at beesbeANPhOERS 809420 iguid cHyatal \ fiIIE £5 SAawPERBaL N any
one of the last ten inmediately preceding paragraphs nmay further conprise
means for wsiting informehi anderieesdsd sdits E oI IMh ANE Ta¥ 45t ESeding
i ngormation stored on said disc nenory. . -

: paragraph, it is preferred that said electrodes are located

x h - opposite each other with said liquid crystal medium there-
befween: and said alignment means and absorber means.are
comprised of at least one film located'betwéen said sﬁb-

10"Strates.l | |

-In a device as set forth in either one of the last
two immediately precéding paragraphs, it is preferred that
said heat control means comprises at least one film Ioéated 
between said'liquid_érystal'medihm.and at least one of said

15 substrates. | |

In a device as setlfbrth in either one of the last
three immediately preceding paragraphs, it is preferred that
said reflector means comprises at least one film located |
between said liquid crystal mgdium'and at least one of said

20 substrates.

_ . ' : A-device.as-set forth in any one of. the last ten

| immediately preceding paragraphs_may furthér comprise means.-
for writing information onto said disc memory and/or eraéiné
information stored on said disc-ﬁemory.
25 - A device as set forth in the last preceding para-
graph may further comprise writing means for iocally irraé-

iating a small area of said liquid crystal medium to create



Pl A deV|ce as set forth in the last preceding para- graph may
rther conprise witing neans for locally irrad- iating a small area of
/3 id liquid crystal nmediumto create 8 radiation scatterlng defects
fierein. A device as set forth in either, one of the last two inwediately
-~precedi ng- paragraphs nmay further conpr|§% sel ective erasing nmeans for
elimnating individual radiation. 5 scattering defects in said liquid
crystal nmedium 1In accordance with the illustrated preferred enbodi nents, - .

.'the prese@%de@?Héfghég€en1| fggﬁécg%erggﬁsable liquid crystal disc

nmenory system des a storage disc in which two substrates

contai ning 10 the I gy &éyéé%emﬂbmwgae;%ﬂ@ryo% SERClie MY Al s

conflgured for rotation about an axis onto the disc is

acconpl i shgg Citﬂrn\eraarﬁp}Ipfve@a/am&abuaaeabhsgmh?efhquwe(} Cokigralsari th a

pul sed, optical beam or "array of beans t0 create radiation scattering
defects f geldttivie dlesdimg ndamst £OAL &EiRinkBinaNE nAiiduaad rydic 610t S,
several thin filns attached to the substrates are used to establish the
proper £osdattering tdefedts ingsatidcliquad cegstall meddam.eving the
desired small spot" (or defect) size and for perform ng 20 erase functions,
I n conjunctlon\Mtf]lﬂma¢¢nndzmc®eunthAthgsté&usmratedr@amﬁenn€d1the
preferred enbodi -

embodlments, ‘the present inventlon prov1des an optical,

-erasable, liquid crystal: disc memqry system._ ' The system
includes a'sto;agé disc in which ﬁwo_substrates éontaihing
10 the ligquid crystal medium, preferably é.sﬁectic matérial, is
configu:ed for rotation. about an axis. . Writing onto the
disc ié-accomplished during rotatiqn,b§ locally heating the
liquid crystal with a pulsed, optical beam or'array of beaﬁs
to creaté,radiétion scattering defects forming the desired
15 bit pattern. o
In some preferred embodiments,'sevéral thin £ilms
attached to the substrates are used tqﬂeséablish.the%prOPer
conditions within the iiquid crystal medium for achieving
.the desired small.'spot' (or defect) size and for pefforming
20 erase functions in conjunction with the optical beam.
| A system in accordance with the preferred embodi- e
ments overcomes many of the objectiohs.described in relation
to the prior art erasable optical disc memories. It pro-
vides a locally erasable disc mémory system capab1e of spot
25 diameters less than 1 micron and st#ble center-to-center
spot spaéings of less fhan 3 microns. (Limitations in this

regard are not presently inherent in the liquid crystal



ments overcones many of the objections described in relation to the prior
art- erasabl e optical disc nenories. It pro- vides a locally erasable dis
menmory system capabl e of spot 25 diameters less than 1 micron and stable
centeri-t'o-center spot spacings of |ess than 3 mcrons. (Limtations in
thi,s- regard are not presently inherent in th® liquid crystal 9 system
but are a function of absorbing materials and beam focusing.) | ndi vi dual
data bits can be witten and erased with | aser .pul ses of the order of 50 ns
at “power levels commensurate wi th high duty_cycle sem conductor diode,5
tasore | A L cRBSRERr DUk BEsd (AN AT Sb AN qTE LAY BbEr 18 aqendy bean

achi evable with commerci.all ail abl lquid, crystal, mxtures, and wi th
speci al m xtur EQCESM@H Wi d a‘#/ vr?g%‘%l:r#%rga R0 be_TWélgggpeﬁf‘ aSTefed
capability of di i f Q C rger..alih ' ese
10 larger si zgsﬁg’okg%%ag’su 1(5%;é stccg’nérq:o Jt%%‘#ﬁé%%@v%% é\%dsgﬁpg\rl\%gpeé%acer S
may..be require r : qﬁﬁgjt i i s Lods LONg 3 t he
contrary, the gg&Fgggﬁgggégﬂfﬁzwrn rxﬁhégeﬁx§$¥ygo 1%ﬁ§bg§ gr g%hegars,

bot h dynam & aRgdsakdli C- Al%emperature Q@B¥é§é“¥%ﬁ?@'8f5—§0détthed0°c S
description which is to be read wth reference to The acconpanyi ng draw ngs

of serveral enjadieg®illy @Eﬂﬂ&bésrﬁﬁwitﬂr&%ﬁﬁéﬁwﬁai%yisvaﬂlaslélsaqhid
under stood that these enbodi ments have been selecte _

e crystal mixtures, and with special mixtures a much wider

range can-beuachieved._ The system has the capability of
- disc sizes of up to 36 cms. and larger, although wiﬁh these
10 larger sizes some means of control such as grooves and
internal spacers may be required. Furthermore, despite all

previous indications to the contrary, the_device has long

HR 1

.term spot stability-éf the order of years, both dynamic and
static. | | |
15 : . There now follows a detailed description which is
to be.read with.referen¢e-to the accompanying dfawings of -
serveral embodiments of the present invengion; it is to be
clearly unde;Stbod'that-these embodimeﬁts have been selected
for'déscription.to illustrate the invention by way of -
_ 20..example and not by way of limitation.
. : ~In Ehe accompanying drawings:-
| Figu:é l-iélafschematic illustration of an optical
liguid crystal disc-ﬁemory system; |
Figure 2 is a flow sheet depicting the various
25 states of the liguid crystal medium shown by cross-sections
of a liquid crystal cell:l |

Pigure 3 is a cross-section of a preferred embodi-



scription to illustrate the invention by way of 20 exanple and not by
f limtation. In the acconpanying drawings:- Figure 1 is a schematic
ustration of an optical liquid crystal disc nmenory system Figure 2 is a
TSV sheet depicting the various 25 states of the liquid crystal nedium °
.. shown by cross-sections of a liquid cryd@al cell; Figure 3 is a ,
. cross-section of a preferred enbodi - 10 nent of the present invention,
inthe formof a liquid crystal disc; Figure 4 is a cross-section of
anot her preferred enbodinent of the liquid crystal disc, 5 = '
Fi.gure 5 Mmeng efoshespresgntofinyantdennen pkhe form efbddl guidof the
liquid crystal disc; and Figure 6 is a schematic illustration of a typical
embodi menEr¥ftede ddSCiical systemused to performread-wite: erase o
functions in an optigal Fi%uLd crystal disc penor system Lllustrated
I

10 :
in Figure 1 is an oftB¥x F5 & SHARSTSYFLLe r3netRerpreferred, | ydes
1iquid . di (L ) 11 fl d f tati bout
central asnboginentyoe Ehg Liauid lerin el AREFT 17, SO 15 1o 18 o
in radigus, and fro”?lgﬂ@Et% 13 TdrbddUSddEfsn of yet another

preferred embodiment of the liquid crystal disc; and

Figure 6 is-a schematic illustratiOn of a typical s
embodiment of the optical system used to perform read-write-
erase functions in an optical liquid crystal'disé mémbry

10 systemf |

| Illustrated in Pigure 1 is an optical liquid

crystal disc membry 5ystém.~ It includes a liquid-crjstal_
disc'memory (LCDM) 11 configured for rotation about a
central axis B. The LCDM 11 typically ranges from 2.5 cms

15 to 18 cms in radius, and from 1 mm to 13 mm in thickﬁess.
The preférred“liquid crystal medium for usé for the LCDM 11
is typically smectic in phasé. g servo‘ﬁotor and.générator
21 are provided to rotate the_iCDM 11 at a'constant'rate and
to supply appropriate voltages across the LCDM 11. Also

20 -illustrated are a movable optical system 41 and-én-optics
translator 51. ' The optical sysﬁem 41 converts electrical *

signals to optical signals and vice versa

25



sfrectic in phase. , A servo notor and generator 21 are provided to rotate
the LCDM 11 at a constant rate and to supply appropriate voltages across
the LEDM 11. *Also 20 illustrated are a novable optical system 4l and an
optics translator 51. * The optical system¥il <onverts electrical signals
to optical signals and vice versa 25 and is used to wite and read onto
aq{'j‘hf rom t hend CDM dded tdherdlel add Iesidnonklo i andl Sromsehei DCDMNLANCt | The
Wi the generator 21 to locally erase the LCDM 11. The optics trans-
| ator 51 nogpsitak spsteml 4dydisemlise tusedip oponjirectbontwbbhS5the on the
di sc and nedi ates between the disc and a control device such as digital.
conput er (n@énshatnk. 21 The locaddlyatearads] tHes d.CRMi bl es bTheecoptike todsel
device and the optical system 41. A |ight source 61, e.g., an LED, also
i nt erconn-. dated Bd mhwesotheoloptdriade syatem priothelcappropriaterdocgtion
included in order to optically swtch the generator 21 when erase functions
are requireet thepdisei ead medigtefodagtresedthadisei andgaarantredi dgvise
LCDM 11 is wel] known in the art. As illustrated in Figure 22A, initial '
candi ti ons %ﬂ@heéﬁaﬁigéﬁéd.Wﬁ@ﬂﬁﬁ?&iﬁFQEiShQWQXIMAlﬁh%ogFéPﬁ§a§°§h§étic
lirquid crystal in a _non- scattering or unwiften configuration sQ tqgt It
i s transpar 8hBOaPefhatesybetveshe e RPRETRkARYICe angy FhengpEdca
acconpl i shed bx

. system 41.

The preferred liquid crystal medi um for use for the LCDM 11 is typically (iE)

' A‘light source 61, e.g., an LED, also 'interconn-
ected to the control device, and a photédetec?qr 71 are
10 included in order tb-optically switch.the_genetator 21 when
erasé-functiqné°are reéuiréd.

In practicé, the method for-reading, writing and
erésing and LCDM_ll is well'known in the art. As illustrated
in.Fiquré 2a, initial conditions are eétablished ﬁherein the

1S - LCDM 1l contains a smectié~liqﬁid cfysta% in a non- scattering
 ‘or unwritten configuration so that it is transparent at the
ambient operating temperature.  Writing is accomplished by
selectively heating small afeas of'the crystal to the isotropic
state typically with a laser, and rapidly cooling back into
» 20 ‘the smectic state, thereby creating scattering centers 15 in
those regions-which were locally heated (see Figures 2b and 2¢).
The effect qf writing is thus to create'a_pattern'of.spots (oxr
bits) on an otherwise non—ScatteringIbackground. Reading is
aécomplished by illuminating the liquid_crYstai (at a much

25 reduced power level relative to the writing function} and



setegtively heating small areas of the crystal to the isotropic state
typically with a laser, and rapidly cooling back into 20 . the snectic - -
Stat e, thereby creatlng scattering centers 15 in those regions which were -

al |y heated (see Figures 2b and 2c). The effect of witing is thus to

gate a pattern of spots Cor bits) an 2 otherwi se non-scattering
,.ckground Reading is acconpllshed by |Ilun1nat|ng the liquid crystal

(20,° Wi0eFiing £hE‘ SRR ARG N6 ol Srhlfie 'hhe BALUI0LL 0N S0tk
Flgure ﬁgétern eﬁ'@Q§gg%h§EQS|ng 6Kf§kﬁ§50§r§r§ﬁ§hé PEch Rgels0r | oca

erasure” (Frgtre e other erasure o ire sc (Figure

2f).  Epg ﬁ;auab;i%aL oRih relt&?ai[ %?és@f@a(rigﬁf?t QQ)thhEe hgotropl c

state and a while applying a relatfvely I ow voltage (the

magni t Ugenbsi PerIBLARILE @Eﬂﬁ%’ﬂ@ir@'%’ée@lﬁuﬁt 2k) ¢r aswp of the disc

can be acconplished in several ways, all of which are well known in the

at;, fologxanarasube the lodddldruh ti Hédtéd €byehal iBBErdpilco the
isotropic state and allowing it to cool back to the ordered : :
(non- scatatei agd alldbwed rd hdql afeile Hppbyingeat relatioedy Wowy o
subjecting it to a large uniformelectric field. Figure.3 shows a L
cr 0ss- seoltageof{thepmabaritenie Being gedmeitrnenandf maherfBY Sépendemtt)hi s
‘enbodi ment, light for both reading and witing functions is indicent from «
above. Total erasure of the disc can be accomplished in several ways, '

| all of which are well known'in the art; for example, by
:< 10 heating the liquid o?ystal medium to the isotropic state and
allowing it to cool back to~the Orderedt(nonésoatteringl:
state in the presence of an'electric field, or by subjecting
it to a large unifbrm'electric_fteyd,
Figure 3 shows a croés;Section of a'oreferred'-

15' embodiment of an LCDM 11. In this embodiment, light for
both reading and writing functions is indicent from above.
As shown, the LCDM 11 includes two.subtrates 71 and lSl,
which together with spacers and sealing material'(not shown)
contain theﬁiiquid crystal medium between the substrates.

20 Clearly, the substrate 151 must be transparent to the inci- K
dent radiation used for'reading and for writing. The |
substrates 71 and 151 are typically of tﬁe.order of 1.5mm
to 2mm in thickness, but can be thicker or thinner depending
on the desired optioéi quaiity of the eu:faces and mass of

25 the. disc. Several suitable materials for the substrates are



As shown,,the LCDM 11 includes two subtrates 71 and 151, which toget her
with spacers and sealing material (not shown) contain the liquid crystal
nedi um.bet ween t he substrates 20 Clearly, the substrate 151 nust be
transparent to‘the inci- dent radiati-on used for reading and for witing.
The substrates 71 and 151 are typically ot gBe-order of 1.5mMmto 2mmin

t hi ckness, but can be thicker or thinner depending on the desired optical
qual ity of tsdas Urinhe ’plagsl, NPSEymétRPl methhergilate orSdumed quadtdl e
nmaterials for the substrates are -13- soda |line glass, polynethyl

met hacr yl at Maomy fotdesic uestéziaManyouldealsuat bei alsede priavisesd Hseised
provided their. optical quality is controllable, they are relatively inert .
wi t h respectogitididalke duality cigst¢ehtredilabileantheyeprer aedlativetyrivexnough -
to support other filns and to withstand the forces resulting fromrotation.
Anot her aspatitthpfrespecenodihenliduidhgrysteld seddumyt anddhenarde nmade
of the sane material, e.g., only theupper substrate 151 need be :
transéarentSturﬁﬁaQHQHHQY%?y%ﬁBPOﬁidPghﬁFL@Wﬂmgla@@hﬁﬂlﬂiihﬁﬁand et he
substrates 71 and 151 is typically snmectic, although other phases npy al so
prove stabl EFRRS FHIRLERE fromi FabpEirhteri 4RQ ARPIBVE T8 d be a

Voo el | 2P IS A POtk AUDYLFACRR Sepa Aty ig Tads of thd
erbodiment, J A% WaL&idP, °L.4Ne ShIF" +RE Jdfpdt Sditddte 151 need be
transparent. The liquid crystél'medium ({LCM) 81_contained

10 by the substrates 71 and 151 is-typ;dally smectic, albhough
other phases may also prove stable under rotation. .- Suitable
materials for the LCM 81 would be a mixture of alkyl and
alkoxy-cyanobiphenyls, such as those'calléd "sl" and "s2”
available from BHD Chemicéls-Ltd; In this particular .

15 - embodiment, the LCM 81 is of the order of 10 microns in
thibkness;.in gene?al'thé minimum'thickness of the liquid
crystal matgrial ié determined by the characteristii,size

' of scattering defects in the medium, its dielecﬁricﬁprop-
erties and the. limitatidn of fabrication methods for
5 20 obtaining uniform thickness and molecular orientation.
'dlearly, the optimal thickness will vary from one'material
to the next. - |
In order to.enter iﬁﬁormation into and retrieve

information from the disc, proper conditions must be

25 established within'thé.liquid crystal relative to the writing




ess; in general the mninmumthickness of the liquid crystal mat eri al
di ternlned by the characteristic size of scattering defects in the

. Yum its dielectric prop- erties and the . limtation of fabrication

met hods for 20 obt ai ning uni formthickness and nol ecul ar orientation.
Clearly, the optimal thickness will wary fromone material to the next. 1In
order to enter information into and retrieve information fromthe disc,

proper GeNdidi®Nsg ABSLcES.25 In toe abidcdIehoM tdE mi&@rélswl ghesystal -

relative to the writing - 14 - and readi ng devi ces. In the enbodi ment™~*

of Fi guichditibescagendstublsshed &yt ¥ ing abvarali Igyseyessl thagers of
thin filns attached to the substrates 71 and 151, six such filns being

shown. f£ilmd nagddchedadoathgnsebstiateisyal amd d)FL, $ix suthpfiamky in the

range of 50-2000[err] in thickness. Exanpl es of suitable materials for
the filbeind siooiml. be Eplm- ddlpdisyiam cdignnemtstpaseivstien Bagdr, The
m ni mum t hi ckness of the film111l is deteym ned by the m ni nrum anount of
fat er i dtypicpllydinotbet aangeniofoSO-2000 % igy yshidknesgnnenExamples while

t he maxi mum t hi ckness is ;g pically |Iﬂ1tedﬁH¥ t he re%;;renent of good
t her malof il be i BAtesiaden fore thevifdimid h would spupnorhi s

partlcular enbodi nent _the film 111 serves to preferentlallégall gn the

| i qui d Reyimidenps-Péasma Arpesditedc §iQy par Fheminings Shirkeesst the
film of the film 111 is determined by the.mln;mum amount -of

material requifed to obtain uniform ligﬁid crystal alignment,

10 while the maximum thickness is typically limited by the
requirement of good thermal cqmmunicaﬁion between the LCM 81
and a £ilm 10l. In this particular embodiment, the £ilm
111 serves to preferentially align'the-liQuid crystal mole-
cules in a direction patallél_to the surface of the film.

15 (In another embcdiment, a different direction may be prefeired.)
This_film, being an insulator, alsoc serves to inhibit charge
transpért between the'liqdid crystal and the electrode-
absorber-reflector layer, film 10l; i.e., £ilm 111 also serves
a passivation function. 1In thiS'particular.émbodiment, .

20 film lbl, the electrodeéabsorber—relfectqr'layer, may
typically be a glassy metal such as 20% tungsten, 40% nickel
and 40% tantalum by weight, although the composition could
vary significantly depending on which function, i.e., absorber .
or reflectar, is desried to be optimized. Acting as an

25 electrode, the £ilm 10l.absorbs incident radiation from the



15 ‘(1 anot her enbodlnent a different direction may be preferred.)
This film being an insulator, also serves to inhibit charge transport
betmeqp t he I|qU|d crystal and the el ectrode- absorber-reflector |ayer,
f11mZ01; i.e., film11ll also serves a passivation function. In this
particul‘ar enbodi nent, 20 ° film 101, the glectrode absor ber-rel fector
|l ayer, may typically be a glassy netal such as 20% tungsten, 40% ni ckel and

40% t ant al ugpeRy 1Rl GRist el ! RRABRe A S OIPOBS t heREGOUl HsVar ¥eFi1@Ritidcant | y

debéﬂdlng on mhlch fdnction, 1.e., absorber or reflector, is desried to be
optim zed. th&CHEiiNe a.mari—e@lects elesidane, ralieatibm 4888 absemes s Rt
radi ation fromthe - 15 - witing system converting it to heat. As a

reflector, bhgthin Bakkl HHfdRM StHSCLIQNidr egyathdnatigednitd the readi ng
systenlback through the liquid crystal and into the reading optics. 5

AfilmO9l i peadimat opiilgsn)l | ayer which serves to control. the distribution
of heat conducted fronlthe film101l to the liquid crystal, relative to heat
condusted fromthe fil A Hild A1 hiss saliséatit eontrdl dbyersehich tsermasd r ol
the heat distribution within the liquid crystal itself. 10 The

t hi ckness otot lcontteail dive rdblstizilutiemges heain GohductedsFmom the £ilm -
particul ar enbodi nent, but could vary nore wi dely depending on the desired
heat distriB&di &®, ﬁhﬁalﬁﬂuﬁdeﬁrxﬁtﬁﬂforelhbivaybp henas conductadsifnomf

t he

' the film 10l to the substrate. It also serves to control

the heat distribution within the liquid crystal itself.
10 The thickness_oflthe heat control layer rénges from O.lum
ta Sum in this particular embodimenti'but could'vary'more
widely deﬁending 6n thé desired heat distribution, the '

material used for the layer, the power density of the

ol

"incident'radiation,ﬂand”the-desired spot size. Suitable -
'15.  materials for the heat control layer are polyimide,iSin,'
or even a metal'such %s-aluminum‘if it were desired to |
.quickly absorb the heat frdm the f£ilm 101 and spread it over
a larger area.
| Pilm 121 is an alignment layer for aligning the
& 20 ‘liquid crysﬁal molecules. The film 121 should be optically
transparentiand typically 508 to 10602 in thickness.
Suitable materials include silane cdupling agents, organic
poiymer_films, and inorganic'fiims such as S10,. Film 131
is anothér ?assivation layer to prevent charge transfer

25 between the ligquid crystal and the electrode 141. A typical



Jdncident radiation, and the desired spot size. . Suitable 15 materi al s
‘nr'the heat control |ayer are polyimde, 5i02, or even a netal such as N
/un1nun1|f it were desired to quickly absorb the heat fromthe film 101 :
4nd spread it over a larger area. Film121 is an alignment |ayer for oo

al i'gning the 20 liquid crystal mel ggukes.: The fitm 121 shoul d be

optically transparent and typically 50R to 10001 I n thickness. Suitable
mat er i glataricLdipsi tlenef LanplBlgwogedt be @ garinepadanteridsd I&toand -

inorganic filns such as Si@2. =~ Film 131 is another passivation |layer to 'uﬁ
pr evenisudharge golngikie 25 Clehelyeehet e lin G3ild coylst adlsmdséidwee el ect rode
141. A typi cal - 16 - material fpr-the film 131 would be a transparent

' |nsulaBﬁranuﬁixgnmnnW|h@¢er asCliees| yhehdiflm mhll3]1 tdmrebwl so serve as an |
alignment |ayer as does the film 111, thereby elimnating the film 121. ‘
Howeveelimigatsiapfthe skplmal2ls HOWewsrlzthaluﬁﬂrQﬁeﬁ;S¢E@rahe chosen
alignment directions on the upper and | ower surfaces are decoupl ed and need
Aot be fddae 121 Thlustrateas that. thanchesen adligomente dinggtiers|y of the
order of 1000[err] in thickness, suitable materials including In[err]

Sn[err PB thel upperRad Shpwer| surfaces are decoupled-iang ceed |Bottrates a .

cross-section of a second enbodi ment of the |iquid crystal di sc. In this
enbodi MentSaMere dethe | HH{Bnldhdisupctiransprr toodes tyRy~ 131,
cally of the order of 10008 in thickness, suitable materials *

including Inz_xsnx03,'and_Sb doped_sno3.

10 Figure 4 illustrates a cross-section of a second
embodizent of the liquid crystal disc. In this embodiment,
the descriptidn and-fuﬁction of elements 71, 81)-121, 131,
141 and 151 are as in the_first.embodiment-dépicted by B .-k
Figure 3. Again radiation for reading, writing and erasing

15 functions is incident from above. In'ﬁhis second embodi-
menf, a £film 92 is a heat contfoI layer and an electrode.
In addition, it acts in cohjunction with a reflection controi
coating 102 as an -absorber for the write and erase functioﬁs.
énd.aS'a refléctor for the read function.

20 ' In this embodiment, the £ilm 92 may be a metal
such as aluminum of approximately 3008 in thickness; the thick- -
ness being determined. by the desired heat distribuﬁion. In
this embodiment as in each of the.otﬁers, an important -
coqsideratibn in seledting the material for the heat control =«

25 layer is the desired temperature profile in both space and



141 and 151 are as in the first enbodi nent depicted by Figure 3. Agai n '
radiation for reading, witing and erasing 15 functions is incident ,
fromabove.  In this second enbodi- nent, a film92 is a heat control

| ayer fand an electrode. In addition, it acts in conjunction with a
reflection control coating 102 as an absoLb? for the Mﬁlte and erase
functions and. as a reflector for the read function. _ I n

this enbodi gBie ift® it |€H@21i‘@yi@ecf%gfgggl such as aI um num of

approxi matel'y 30[err] in thicknhess e thick-" ness being deternined. by the

desired heat distributiffe gpdéifiés 6fb9Hé”EEElé&th&ne%%hﬁﬂbﬂfﬁéféfmiéa
an inportant consideration |n selecting the material for the heat “control

25 | ayelries deieriRsit csh tEN@eindék Cof PEEELhetiibnboith thRAR tiiial used?
- tinme within the liquid crystal. The specifics of the reflection control

layer 102 ang eererddn 9, tdice iwdexlengthf odcthen radiatd omiuwedl farsethé n
the film92, the wavel ength of the radiation used for the 5 ‘read,

write5 and eeaﬁa'Mmmﬂe;nundeﬁths@efunéaions,ahadrhhacméhaﬁﬂwaﬂabunrbance/
desired for the read, wite and erase wavel ength of 850nm and a 50/50
spkit in abx@tﬂisd:tmrbe desinted] foghtheareadtalvirdtenbad airafsm wawe Iengtiio?2
woul d.be Ti Q2 approx- imately [err] thick. Clearly, if another material’
such as 10 of &péinh wearel LB ealOf B0 $hbiti lm sRsorked: andk mefslasttadel ¥ghtm

102 woul d Ii kewi se vary. Al'so, it.may be desirable to use
a suitable material for the film 102 would be T:LO2 approx—

imately lOOQR thick. Clearly,-lf anather material such as
10 gold were used for the fllm 92, the thlckness of the fllm
102 would likewise vary. Alsg it. may be desirable to use
| a.multilayer refiection control film such as a combination
of MgF, and CeFj, especially if a two wavelength read-write
system is contemplated. - The film.io2 may also be-an
15 insulatbr, and.hence serve.és a passivation?layer as well.
| . Film 112 is an alignment layer, similar to the
film 111 of the first embodiment, except that the film 112
does not also'serve a passivation'function;- Suitable

" materials are polyimides or silane cOuéling'agents.

R

20 S Figure 5 depicts a cross~section of a third
embodiment.of liquid.crYstal disc which is configﬁres so that -
radiation for reading is incident from above and radiation |
for writing and”erasiﬁg is.inéident from below. - In this

embodimént,“elements 71, 111, 81, 121, 131, 141 and 151 are

-"o.".

25  as in the first emboaiment“whichfiS'depicted in Figure 3,



a _nultilayer reflection control filmsuch as a conbination of MyF2 and
CeR3, especially if a two wavel ength read-wite’systemis -contenpl ated. .
&)film 102 may al so be an 15 i nsul ator, and hence serve as a

ivation layer as well. Film112 is an alignment |layer, simlar to the .
m 111 of the first enbodi nent, exeepig t-hat the film 112 does not al so
serve a passivation function. Suitable materials are polyimdes or silane
coupl i gkt sha®Oboth substrates Rilgundd A Slemusts. be ckpanspacéhen of a -~
third enbodi ment- of I'iquid crystal disc which is configures so that A
radi at iTm #hois rehilrdgembodimedent af fdimd®Z imncan aslle¢tpodéor witing and
erasing is incident from bel ow. In this enbodinent, elenents. 71, 111,

81, 12efllHctdr] amd 4absomber25typicasdlyn athea fmetsal esmbchli @8nt which is
depicted in Figure 3,. - 18 - except that th substrates 71 and 151 -
must bealuminyarefit thenorder offi @ dh Z0A Al i thvdalazess. an 8l ectrode,
reflector, and absorber, typically of a netal such as alum num of the order
& [errfilm 2Yoierap antinpélepetdon craring desigmad| gosaphimieef | ection
coating designed to optimnm ze the absorption by the film 103 of radiation

i nci derfthe rabsepbhenroy &hgl £4dms dsh of eadialpkon i incddent AFORi numwith _
“incident yadiation at 850nm a_typical _antireflection coating would be a

three | Wsandﬁ?ﬁhasﬁéﬁsﬁss?@§égﬁtﬁ 7§f qrffg}'lhq‘iﬁ,c.’?e?#’]"g%mof :

Lerr] g'i?itl'?ngngzéér?tp Lagig%'ion at 850nm, a typical antireflection v

. coating would be a three layer-sandwich-such as 10308 of
10 Ti0,, 15508 of ‘MgF,, and 8758 oszﬂioz. L '
As can\be.seen from the abbve_three embodiments
of liquid crystal disc mgmory; ﬁhe_vériéus films can p;rform
multiple functions.  Just as the;nﬁmber_of-films ﬁas'reduded
by combining several_functioné-into'one-f;lm, it may also be
15 possibie ta.fufther7}educe'the number of films by appropriately
-doping the liquid crystal_medium.so that it beécomes its own |
absorber. Additional embodiments will also occur to those
skilled in the art. ‘
Figure 6 depicts a typiéal read-write—-erase

20 optical system which can be used with the first and second

sty

liquid crystal disc memory embodiments above. . The system

typical;y includes a pulses light socurce, in this case a ?
semiconductor 1aser_201, a collimating system 191, a dark
" field wtop/collector mirror 181, focusing optics 161 for .

25 focusing the incident beam on the absorber layer of the H



menory, the various filns can perform-nultiple functions. Just as the
nunber-.qf filns was reduced by ‘conbi ning several functions into one film
it may al so be:15 possi ble to:further reduce the nunmber of filns by
appropriately doping the liquid crystal ned%gn1so that it beconmes its own
absor ber. Addi tional embodi nents will al'st” occur to those skilled in the

art. Figure [ .V sGal -Wiie-eras . igale Sy

wich can biaded et B AGRL LY S Engtiog pBRYLES FoR MBBing
enbodi nent s o] : : S VI Yed DGl Hdes a- Ryl A ight

I n thrs'casgﬁg égﬁ%ggﬁ%ﬁb?%ﬁﬁ%§§%¥p 01, ef%%l E%%?fnéggyéﬁgﬁlkg%,d?%igﬁ?r .
field stop/ ot @ mirr r?y%? fQCcusd o4 &5 f Of 7 ocusi ng
the i nci'dent§9%lle:§% gr]f t he_%b or _etrlﬁﬁ/;l_{%. ﬁ%&ﬁ éfﬁé‘iQ%c?iﬁgSFda&r yst al

di sc memoryaddondRdd B0 RPAMIM {fBahage poreadiali €8 kel it T Om
the mrror 181 onto the detector system 51. n"practice, this sytem also
i ncl ugles anyadh8MBitor 5ACHE adigiiddTEN ttd NECMBERE A té CEBLedak@ althon@PtinCs 5
translator 51 of Figure 1 to conpensate .for variations in critical optical
distances dgeitacail aptidxlodistindesad Pl avfadi gant-bugknaisc .

vari ations. Procedures for such focusing are well known in'the art, for
exanpl e, aswdepagehedndn dise thalckiedw.varDationd.ent Prbeddhaess fantgush
System ' '

As can‘be‘séen fromthe above three enbodi ments of Iiduid crystal dfsc : '<f§

focusing are well known in thé art, for example, as described
in'U.S. Patent No. 4,051,519 entitled Focus Control System
10 = with Movable Mirror; and in U.S. Patent Application seriai
number 120;589,-filed.February 11, 1980, entitled Dynamic
| Focus Adiustment écr Traﬁsmissiveiox'Reflective Optical'Disc
MEmorY.System, aﬁd“reférenqesidescribed the?ein. :
| - Cléariy, ﬁheré are innumétah%e variations in the
'115' read-write—jerase'qptidél.sYstem aepending'pn the particular
focusing gnd iméging systems{.whethef sepaiéte systems are
used for the read and write functions, and whether it is
desired to optimizé-a”poition of the system. -For'éxample,
if it were desired. to optimiée éhe writing system, it is
& 20 likely that an inverted dark field optical system would be
used, i.e., the central writing beam would not be blécked
as in the above ae5cription;-and'the ligh#'scattered out of
the central beam diﬁection'wbuid be gathered for the reading
" function. In the_thir&:embc&iment,“it is possibie*to |

25 optimize both the reading and the ‘writing system independently.



~ with Mwvable Mrror, and in U S. Patent Application serial nunber
0,.589, filed February 11, 1980, entitled Dynami c Focus Adjustnent for
ansm ssive or Reflective Optical Disc Menory System and references
éscribed therein. dearly, there are innunmerable variations in the 15
read-wite- erase optical system dependigng on the particular focusing and
I mgi ng systens, whether separate systens are used for the read and wite-
functi ey atghpyte) heel feaaiﬁgS-sygéeinO,w@@i:udﬂHee cptPhizod By tEengystem -
For exanple, if it were desire

li kely d drianfidver épeidatksysebft apt idedlcrsydeapdmid A wechisgd, i.e., the
central witing beamwoul d not be blocked as in the above description, and
the |i diiresntferesedbeah bhethenbvbposieansiidews arhevadd sic bfogat hered for-
the reading function. |In . the third -enbodinent, it is possible to 25

opt i m e ity tdred repasimgand Chethiist ichd rdly simdrod imapen deohé ycare - 20- For
exanpl e, the reading systemwould be optim zed by using a dark field

Gpt i calisysgrnizsd descenberdeabdignmentth of dihree ctedding eandeenibinghe
opposite side of the disc for witing and erasing. In this third

enbodi myrRtendox gproper trackr édentdd icatdmurandil fghlewingt the reading ;

and. writing systens for'proger track identification and follow ng. Wile
in the preferred &ivblenbht theeprefprgeshepbodimentis fé¢eseredtlbedn optica

scattering from ordered _ . %
above, the differences in optical scattering from ordered

and.disordered textures have been the primary mode for '
10 information-storage inlthe liquid crystal medium, other
optical_properﬁies could_also'be appiied_tq Ehis function
in a disc-memory.devibe; g.g;, different.dptical polarization
properties with respect ﬁb-the poiarizatibns-of-the'incident
radiation, differential absorption characteristics, or even
15 1um§nescence-gould be utilized. Similarly; the use of
| patterned layers'could also prove beneficial in the céntext _
of a %iquid crystal disc memory. ‘For example, patterned
heat ;ontrol layers would enable better control of the heat
distribution in both-sﬁace and time. | Similarly, patterned
20 electrodes could be used to reduce problems with capacitive

reactance, thereby achieving faster switching times, or they

*

tO optimize the witing system it is 20 »

L, &)

. _ 8
could be used to total erase sectors rather than the entire ’
disc. Patterning might also be used for track following and
track identification purposes. Other properties of liquid -*

25 crystals could also be beneficial; for example, photoconductor



coul.d ,al.so be applied to this function in a disc nenory device, e.g.,
drffferent optical polarization properties with respect to the pol ari zati ons
of the incident radiation, differential abs@apti on characteri.stics, ‘or even
' | um nescence could be utilized. Simlarly, the use of patterned
Ia§UIs coul addresgud\VEideldicrystals cbeldobEensedftmIneﬂuct(ﬂbstal di sc
- For exanple, patterned heat control |ayers would enable better
control of tregrdiosed disder hpiwwen for bbhé wpdténgnant mma51ﬁgrﬁﬂnuﬁ$ons._
patterned 20 el ectrodes could be used to reduce problens with
capacitive Faadhemmgre herebying hfenchjohassbouddi nolti be tiesds;iared hey
could be used to total erase sectors rather than the entire disc.
Patterni ng WRFHcaEl Syskensclone . t r a6khes| radiagiond sourses entiiredwiion
pur poses. O her propertles of liquid 25 crystals could. also be
benef Pci al ; &G o RFHEC 1D RRBE RRVEESS , May eyenty@ddys pPve Renefighadl s
coul d be used to reduce the required | aser power for the witing and
ergsi ng fundfi Aehigwingsmptier \efeqg fiABLi ons shoul d not be restricted
to optical systens alone. Ot her radiation sources .entirely, 5 e.g.
particle beam devices, may eventual |y prove beneficial in achieving smal | er
defect size. 10 : : ' -

and- d| sordered textures have been .the ‘primary node for 10
i -mf or mati on- storage in the liquid crystal mediunr other optical propertles 5)>

10

.
T 15
& 20
L
..



0~25- CLAI M5 1. An information storage and retrieval device
rising: a liquid crystal disc nmenory conprising confine- 5 nent neans e
/confining a liquid crystal medium said confinement neans D€l ng '

onfigured for rotation about an axis; a_liqui I ' onfined by =
~said confinement neans, said liquid cry3?al mﬂillﬂ“ﬂmilmﬂnywzed spots
therein which act as radiation scattering centers, %aitd 10 $pots being
- created by local heating of said liquid crystal mediumand representing a - -
desired pg#égéﬁiof i nformation; reading nmeans for detecting radiation At
scattered ndi vi dual spots; and rotating nmeans for rotating said :

eadi ng means: Lo prvvi adin ot afkbe 6hY kG pheCaRl " rRfsTaral, asiis, o

r eadi ng ngg i ‘A device according to claim1 wherein said 20 liquid -
crystal me ﬁ§%é§}n Tses a snectic liquid crystal. 3. A devi ce according

to either one of cl g NFiqufdderydtsi NGlsEORBRbEY NGondl 1:93Y dot Glect rodes

on said liquid crystal
5 ment means for confining a liquid c:ystal medium, said

5

Ty

confingment means being configured for rotation about an
axis; a liquid crystal medium confined by said_confinemént. T
means, said liquid crystal medium having localized spots
therein which act és radiation scattering centers, said
10 spots being created by local heating of said liquid crystal
medium and representing a desired pattern of information;
reading means for detecting radiation scattered ' >
from individual spots; and . ' .
rotating means fbr rotating said confinement means .
15 and said liquid crystal therein relative to said reading
means, to provide high spéed access to said information by

said reading.meané.

2. A device acdordihg to claim 1 wherein said

& .

20 -liquid crystal medium comprises a smectic liquid crystal.

3. A device éccording to either one of claims 1
and 2 further comprising:
at least two electrodes on said liquid crystal

25 disc memory for applying an electric field to said liquid



25 di s¢ nenory fof'applying an electric field to said liquid crystal
medi um alignment means for aligning said |iquid crysLaL_HEQLHHL_?EQ_ﬁT _
absorher. means in thermal comunication with said 5 liquid crystal nmedrum

f®r ‘absorbing a portion of radiation inci degg on sai (” ﬂ Hm”m nd -
for.-supplying energy fromsaid radiation to“said |iquaiff mﬂ"ﬁp 4. .
A device according to claim3 further 10 conprising refl éctor "edns *f or
rgilecting a portion of radiation incident thereon. 5. A devi ce according
tovelaim4 further. tsing heat control-neans for controlling the
relative 15 m%ﬁi%%ﬁﬁﬁ%#ﬁ ?ménergy conducted from'said absorber neans to
said liquid crystal nedi 0, L d S : ' JaEeent
nmeans. 6. - A device acc%jr:qd nge{d(:') %éﬁgngggf ggﬁg?‘rjfs%g%t%&tdgdﬁ? lﬁ:%@r
conpri sing hegjg ;c%n@eans for controlling the relative distribution of
energy transferre rom sai d absorber neans to said confinenent neans and

fromsaid absorber neansak@opBés hégnbdifr ¥hbehaledowBuniZation with said

5 1liquid crystal medium for absorbing a portioh of radiation
incident on said absorber means énd for supplying energy

from said radiation to said liquid crystal medium.

o

4. A device according to claim 3 further
10 comprising reflectof means for reflecting a_portion of

radiation incident thereon.

}; I 5. A'deviée according to claim 4 further
N comprising heat control-means for cqnfrolling the ;elativé
15 distribution of.energy.cbnducted from said absorber means to
said liquid crystal medium and from said absorber means to

said confinement means.

6. A device according to any one of claims 3 to
- 20 5 further comprising heat control means for controlling the
g-" ' relative distribution of energy transferred'from said
absorber means to said confinement meaﬁs'and from said
absorber means to said liquid crystal medium.

25



e M S 24 7. A devi ce according tO_aﬂy_LEELiﬁ_ﬁLaLﬂB_B to 6

erein said confinenent nmeans further conprises two substrates bet wee »
ich said liquid crystal nmediumis sandw ched. ,ﬂlg u Iﬂ ﬂﬂ ﬂllaccordl ng
0 ¢claim 7 wherein: said electrodes are Iocated er with ®
. said liquid crystal medium therebetween24and said alignment means and
absor ber .neans are 10 conprised of at Ieast one filml ocated between said

'sub- strates."9. A device according to either. one of claims 7 and 8 .
.wherein said heat control an ri.ses at |east one 15 filml ocated Iond

bet ween said |iquid %Tyst%J %%H?% SRArdingeke: agye o oF Flailg i, 10
Ad di t f d flect
Compt 1 ses GHaralh afd Y?%? $Enghe! BRade! &Béﬁwéif %'q?npfﬁsa%revﬁ : Oﬂegf um
d f
devi ce acaypatiR SR FESHEHAERE pe ER. i'jlﬂ&1€| sgxst%& HedHah € ompr i se:
sandwiched.

pos

-

8. A device according to claim 7 wherein:
said electrodes are located opposite each other ]
with said liguid crystal medium therebetween; and
- said aiignment means and abSofber means are
10 comprised of at least one filﬁ'located between said sub-

strates.

9. A device adCording to either one of claims 7 -
and 8 wherein said heat control means comprises at least one
15 f£film located between said liquid crystal medium and at least

one of said substrates.

10. A device according to any one of claims 7 to
9 wherein said reflegtor means comprises at ieast'one film
20 .located between said liquid crystal medium and at least one

of said substrates.

-wt.

25



means fon’mW|t|ng |nfornat|on onto said disc nenory and/or erasing

ief ormation stored on said disc 5 nmenory. 12. A deviece—aeccording-to—<clai
11 further conpri si ng witing means for IocaIIy |rra ea. of\’
s%idliquid crystal nediumto create radi at| 10 sc Lﬂm mijﬂlﬂ

therein. 13. A devi ce according to either one of cl rther

conpri si ng selectlve erasing neans for elimnating individual radiation
scattering defects in said 15 liquid.crystal - nmedium 14. An i nformation

sterage and retri eval deyice gufsiagbl glcg%t?q,@erteg e Yrie q%c“@ed Wi th

reference to the acconpanyi ng draw ngs
precedlng claims may further comprzse.

means for writing information onto said disc
memory and/or erasing information stored on said disc

5 memory.

S 4

'12. A device according to claim 11 further

Y

comprising writipg means-for.locally irradiating a small
area of said liquid érystal medium to create radiation

10 scattering defects therein.

;é_ - 13. A device acéording‘to either one of claims 11°
o and 12 further comprising selective erasing means for
eliminating individual radiation scattering defects in said

15 1liquid crystal medium.

14. An information storage and retrieval device
substantlally as hereinbefore described with reference to
the accompanying draw1ngs.

20

&
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